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D e s c r i a t i o n  of Research 
The first phase of t h i s  work concern ing  t h e  microwave 

properties of models of t h e  Venus atmosphere is now completed. 

Mixtures of carbon d i o x i d e  w i t h  p l a u s i b l e ,  c o s m i c a l l y  abund- 

ant c a n d i d a t e s  ( n i t r o g e n ,  argon, neon, helium) for t h e  i n e r t  

major f r a c t i o n  of t h e  atmosphere have been s t u d i e d  ove r  t h e  

t empera tu re  r ange  240 t o  520'K (-33 t o  247OC) and t o  p r e s s u r e s  

as high as 130 a t m .  Theoretical i n t e r p r e t a t i o n s ,  based on 

these laboratory measurements, of t h e  radio a n d  radar s t u d i e s  

of Venus, and t h e  r e s u l t s  of the  Mariner radiometer experi- 

ment d u r i n g  t h e  f l y b y  of December 1963 have m e t  w i t h  v e r y  

good success. 
f e w  or no  rad io- f requency  o b s e r v a t i o n s  of Venus which cannot  

be unders tood  on t h e  basis of t h e  models c a l c u l a t e d  a t  the 

Massachuse t t s  f n s t i t u t e  of Technology by  Professor Barret t  

and  h i s  s t u d e n t s ,  and a t  the  Goddard I n s t i t u t e  for Space 

S t u d i e s  by Dr. Thaddeus. Both groups  have used  t h e  microwave 

opacities measured as part of t h e  p r e s e n t  program. 

A t  t h e  t i m e  of t h e  p r e s e n t  w r i t i n g  there are 

The most i n t e r e s t i n g  c o n c l u s i o n  t h a t  h a s  been reached 

is t h a t  i f  p a r t i c u l a t e  ma t t e r  such as water droplets p l a y s  

no large role i n  t h e  microwave opacities (and there are 
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. ,- ' s p e c t r o s c o p i c  i n d i c a t i o n s  t h a t  t h i s  is indeed  a good assump- 
v 

b t i o n ) ,  t h e n  t h e  ground p r e s s u r e  on Venus must be large by 

terrestrial  standards.  Depending on t h e  e x a c t  f r a c t i o n  of 

C02 p r e s e n t ,  a s u r f a c e  p r e s s u r e  i n  t h e  range 100-200 atm is  

c a l c u l a t e d .  

T h i s  r e s u l t  is of g r e a t  i n t e r e s t  t o  theories of t h e  

o r i g i n  of t h e  solar system, s i n c e  it s u g g e s t s  t h a t  t h e  h i s t o -  

ries of t h e  E a r t h  and Venus have been q u i t e  d i ss imi la r .  

t h e  same t i m e ,  it h a s  a d i s t i n c t  i m p l i c a t i o n  for f u t u r e  

p l a n e t a r y  expe r imen t s  w i t h  s p a c e c r a f t ,  f o r  it i n d i c a t e s  t h a t ,  

u n l i k e  the case w i t h  Mars, r e e n t r y  exper iments  can  be per- 

formed employing aerodynamic breaking ,  and t h a t  c a p s u l e  

exper iments  u s i n g  s t r a i g h t f o r w a r d  i n s t r u m e n t a t i o n  (thermom- 

eters, p r e s s u r e  gauges, c h e m i c a l  a n a l y z e r s )  w i l l  be of great 

v a l u e  and i n t e r e s t .  T h i s  i n d i c a t i o n  of large mass f o r  t h e  

Venus atmosphere, together w i t h  t h e  r e c e n t  measurement by 

radar of t h e  l e n g t h  of t h e  Venus day (249 days retrograde) 

h a s  r e c e n t l y  awakened t h e  i n t e r e s t  of t h e  t h e o r e t i c a l  

meteorologist i n  problems of t h e  g e n e r a l  c i r c u l a t i o n  of t h e  

p l a n e t .  

A t  

F i n a l l y ,  it should  be mentioned t h a t  t o g e t h e r  w i t h  

t h e  a n a l y s i s  of  o b s e r v a t i o n s  a l r e a d y  made, t h e  measured 

opacities are at t h i s  t i m e  be ing  used  i n  t h e  des ign  of a 
proposed microwave o c c u l t a t i o n  experiment  f o r  t h e  Mariner 

f l y b y  p lanned  f o r  1968. T h i s  t y p e  of experiment  measures  t h e  

change i n  ampl i tude  and phase of t h e  s p a c e c r a f t ' s  t e l e m e t r y  

system as it passes behind t h e  p l a n e t  and r e q u i r e s  no addi- 

t i o n a l  a p p a r a t u s .  The o c c u l t a t i o n  on t h e  1965 Mariner Mars 

w a s  e f f e c t i v e  i n  f u r n i s h i n g  rather e a s i l y  i n t e r p r e t e d  data 
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L. r e l a t i n g  t o  t h e  Mar t i an  ionosphere  a n d  troposphere. One of 

t h e  model atmospheres s t u d i e d  w a s  p u r e  n i t r o g e n ,  where we 

measured t h e  t empera tu re  dependence of induced  a b s o r p t i o n  for 

t h e  f irst  t i m e .  T h i s  r e c e n t l y  proved of u s e  i n  c a l c u l a t i n g  

t h e  e x p e c t e d  t e m p e r a t u r e  of t h e  e a r t h ' s  a tmosphere i n  t h e  sub- 

m i l l i m e t e r  a n d  f a r  i n f r a r e d  i n  p r e p a r a t i o n  for i n f r a r e d  

a s t r o n o m i c a l  o b s e r v a t i o n s  from h i g h  a l t i t u d e  b a l l o o n s .  

b 

I 

A t  t h e  p r e s e n t  t i m e  most of our  a t t e n t i o n  is b e i n g  

directed toward a s t u d y  of t h e  e f f e c t  of trace amounts of 

water vapor and o t h e r  polar molecu le s  on t h e  model atmospheres 

mentioned above. 

s t r u m e n t  described i n  our  proposal of a year ago and w i l l  

c o n s t i t u t e  a par t  of t h e  doctoral d i s s e r t a t i o n  of I rwin  

Kaufman. W e  have already made a number of r u n s  on v a r y i n g  

amounts of H 0 i n  N2 a t  several t e m p e r a t u r e s  and  have compared 

o u r  r e s u l t s  w i t h  detailed theoretical  c a l c u l a t i o n s  based on 

the Van Vleck-Weisskopf theory of p r e s s u r e  broadening .  I n  

t h e  r e g i o n  of 100 a t m ,  t h e  obse rved  a b s o r p t i o n  is  about t w i c e  

t h a t  c a l c u l a t e d  from theory due presumably t o  t h e  i n c r e a s i n g  

importance of many-body c o l l i s i o n s .  

T h i s  work is b e i n g  done w i t h  t h e  X-band in-  

2 

W e  are i n  t h e  process of a p p l y i n g  these measurements 

t o  ou r  numer i ca l  Venus models and  believe it w i l l  be possible 

t o  give some c o n s t r a i n t s  on t h e  t o t a l  amount of w a t e r  vapor 

p r e s e n t  i n  t h e  p l a n e t ' s  atmosphere. It w i l l  be very i n t e r e s t -  

i n g  t o  compare t h e  r e s u l t s  w i t h  t h e  c o n s t r a i n t s  on t h e  w a t e r  

vapor abundance imposed by t h e  i n f r a r e d  spectral  o b s e r v a t i o n s .  

A t  t h e  same time measurements are b e i n g  made on heavy water 

D 0 and HDO traces t o  help e l u c i d a t e  t h e  n a t u r e  of p r e s s u r e  

b roaden ing  a t  h igh  pressure. We hope d u r i n g  t h e  coming year 
2 
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1 -vd t o  e x t e n d  t h i s  work t o  o t h e r  polar molecules ,  e s p e c i a l l y  

0 

ammonia (NH3), which w i l l  be s t u d i e d  i n  a number of atmos- 

pheres and  which is, i n  p a r t i c u l a r ,  p e r t i n e n t  t o  t h e  radio 
I s t u d i e s  of J u p i t e r .  4 '  

Our o r i g i n a l  p l a n s  called for e v e n t u a l l y  a d o p t i n g  t h e  

p r e s e n t  cav i ty  spec t romete r  t o  w o r k  a t  a series of h i g h e r  fre- 

q u e n c i e s .  It h a s  b e e n  o p e r a t i n g  so w e l l  a t  t h e  p r e s e n t  fre- 

quency of 9260 Mc/sec, however, and  has  been  so f u l l y  u s e d  

t h a t  w e  have been  h e s i t a n t  t o  make any s e r i o u s  s t r u c t u r a l  

m o d i f i c a t i o n s .  I n  a d d i t i o n ,  w e  r e a l i z e d  when w e  ana lyzed  

our  r e s u l t s  on induced a b s o r p t i o n  i n  CO -N atmospheres t h a t  

h ighe r  p r e s s u r e s  were a t  l eas t  a s  i m p o r t a n t  as higher  fre- 

q u e n c i e s  i n  unde r s t and ing  t h e  molecular  physics of t h e  

induced  a b s o r p t i o n  p r o c e s s .  During t h e  past f e w  months a 

new i n s t r u m e n t  w a s  t h e r e f o r e  c o n s t r u c t e d  w h i c h  o p e r a t e s  i n  

t h e  f requency  r e g i o n  n e a r  35,090 Mc/sec a n d  w h i c h  has  been 

tested a t  ove r  603 a t m .  ( T h i s  r e p r e s e n t s  a f a c t o r  of f o u r  

i n  p r e s s u r e  over any p rev ious  w o r k . )  A number of  t e c h n i c a l  

problems, p a r t i c u l a r l y  concern ing  t h e  c o u p l i n g  window, have 

been  s u c c e s s f u l l y  so lved .  

2 2  

S i n c e  induced  a b s o r p t i o n  (or rather t h e  dielectric 

loss e " )  i n c r e a s e s  a s  t h e  s q u a r e  of t h e  p r e s s u r e  and d i rec t ly  

as t h e  frequency,  w e  shou ld  u l t i m a t e l y  a t t a i n  a s e n s i t i v i t y  

10-100 t i m e s  h igher  w i t h  t h i s  i n s t r u m e n t  t h a n  w i t h  t h e  p r e s e n t  

device, At t h i s  w r i t i n g ,  measurements w i t h  t h e  new a p p a r a t u s  

are j u s t  s t a r t i n g .  Our f irst  o b j e c t i v e  i s  t o  measure for pure 

N t h e  t e m p e r a t u r e  dependence of t h e  first t w o  v i r i a l  c o e f f i -  

c i e n t s  of t h e  dielectric loss, as  w e  have a l r e a d y  done f o r  C02 

when t h e  effect i s  100 t i m e s  larger.  It is a l so  our i n t e n t i o n  

t o  u s e  t h i s  i n s t r u m e n t  t o  e x t e n d  our s t u d y  of t h e  e f f e c t  of 

trace q u a n t i t i e s  of polar gases on nonpolar  atmospheres. 
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